BACKGROUND: A rapid response system (RRS) consists of providers who immediately assess and treat unstable hospitalized patients. Examples include medical emergency teams and rapid response teams. Early reports of major improvements in patient outcomes led to widespread utilization of RRSs, despite the negative results of a subsequent cluster-randomized trial.
A medical emergency team 1 is a group of clinicians trained to quickly assess and treat hospitalized patients showing acute signs of clinical deterioration. Equivalent terms used are rapid response team, 2 critical care outreach team, 3 and patient-at-risk team. 4 A consensus panel 5 recently endorsed use of the term rapid response system (RRS) to denote any system that uses a standard set of clinical criteria to summon caregivers to the bedside of a patient who is deemed unstable but not in cardiopulmonary arrest (in which case a standard resuscitation team would be summoned). Such teams primarily evaluate patients on general hospital wards.
RRSs have been developed in response to data indicating that patients frequently demonstrate premonitory signs or receive inadequate care prior to unanticipated intensive care unit (ICU) admission, cardiopulmonary arrest, or death outside the ICU. 6 -14 Earlier identification and treatment of such patients could prevent adverse clinical outcomes. The structure of RRSs varies but generally includes a physician and nurse and may also include other staff such as respiratory therapists. 5 Teams are summoned by hospital staff to assess patients meeting specific clinical criteria (see box) about whom the bedside staff has significant concern. 15 Initial studies of RRSs, performed primarily in Australia and the United Kingdom, showed promising reductions in unanticipated ICU admissions, cardiac arrests, and even overall inpatient mortality. 1, 16, 17 The considerable enthusiasm generated by these studies 18, 19 resulted in the Institute for Healthcare Improvement (IHI) incorporating RRSs into its "100,000 Lives" campaign, 2 and RRSs are now being implemented in the more than 3000 U.S. hospitals that joined the campaign. However, a recent commentary on rapid response teams 20 and a systematic review of critical care outreach teams 21 have raised concerns that this widespread implementation may not be justified by the available evidence. We performed a systematic review of studies of all variations of RRSs in order to determine their effect on patient outcomes and to characterize variations in their organization and implementation.
METHODS

Literature Search and Inclusion and Exclusion Criteria
We systematically searched MEDLINE, CINAHL, and BIOSIS through August 2006 for relevant studies using the various terms for RRSs (eg, "medical emergency team," "rapid response team," "critical care outreach") and medical subject headings rele-vant to inpatient care and critical illness (eg, "patient care team" and "resuscitation"; the full search strategy is given in the Appendix). We also reviewed the abstract lists from the 2004 and 2005 American Thoracic Society and Society of Critical Care Medicine annual meetings and scanned reference lists from key articles.
We screened the abstracts of the articles identified by the search, and 2 independent reviewers abstracted potentially relevant articles using a standardized data abstraction form. Disagreements between the reviewers were resolved by consensus and, if necessary, discussion with a third reviewer. We included randomized controlled trials (RCTs), controlled before-after studies, and interrupted time series, including simple before-after studies with no contemporaneous control group, though we planned to separately analyze data from controlled studies if possible. We included only English-language articles.
On the basis of RRS features in widely cited articles [22] [23] [24] and the recommendations of a recent consensus statement, 5 we defined an RRS as having the following characteristics: (1) its primary responsibility is to intervene whenever hospitalized patients become unstable before cardiopulmonary arrest occurs;
(2) it must primarily provide care outside the ICU and emergency department; (3) specific clinical criteria must be in place that define instability and trigger a call to the team; and (4) it must be expected to respond within a specified time. We defined these criteria in order to distinguish studies of RRSs from studies of cardiac arrest ("code blue") teams or traditional consulting services.
To be included in the analysis, articles had to report the effects of a rapid response system on at least 1 of these outcomes: inpatient mortality, inpatient cardiac arrest, or unscheduled ICU transfer. We used the definitions of cardiac arrest and unscheduled ICU transfer given in the primary studies. In addition to these outcomes, we abstracted information on the number of admissions and the number of RRS calls during the study period. To maximize the comparability of study outcomes, we calculated the rates of mortality, cardiac arrest, unscheduled ICU transfer, and RRS calls per 1000 admissions for studies that did not supply data in this fashion.
Assessment of Study Quality
Quality scoring instruments for studies included in systematic reviews generally focus on randomized
Example of Rapid Response System Calling Criteria for Adult Patients
Any staff member may call the team if 1 of the following criteria is met: • Staff member has significant concern about patient's condition Additional criteria used at some institutions: • Chest pain unrelieved by nitroglycerin • Threatened airway • Seizure • Uncontrolled pain controlled trials, which we anticipated would account for a minority of included studies. On the basis of recommendations for the assessment of methodology for nonrandomized study designs, 25, 26 we identified and abstracted 4 important determinants of internal validity ( Table 1 ). The consensus statement 5 recommends monitoring the effectiveness of RRSs by measuring the rate of unscheduled ICU admissions (defined as an unplanned admission to the ICU from a general ward 27 ) and cardiac arrests of patients who were not listed as "do not resuscitate" (DNR). As the definition of unscheduled ICU admission allows room for subjectivity, we considered the blinding of assessment of this outcome to study group assignment to be important, especially for retrospective studies. Measurement of cardiac arrests should be less susceptible to blinding issues, but one of the functions of an RRS can be to initiate discussions that result in changes in the goals of care and code status. 22 Thus, excluding patients made DNR by the team from cardiac arrest calculations could falsely lower the cardiac arrest rate.
We also abstracted 3 separate elements of study quality pertaining to the external validity or generalizability of included studies (Table 1 ). These elements were defined a priori by consensus reached by discussion among the reviewers. These elements were intended to provide a framework for interpreting the included studies and to guide subgroup analyses. They were not used to form a composite quality score.
Statistical Analysis
We performed a random-effects meta-analysis to calculate summary risk ratios with 95% confidence intervals for the effects of RRSs on inpatient mortality, cardiopulmonary arrest, and unscheduled ICU admission. Included in the meta-analysis were the studies that reported total number of admissions and incidence of each outcome before and after institution of the RRS. For randomized trials that reported pre-and postintervention data, we treated the intervention and control groups as separate trials in order to be able to compare their effects with the before-after trials. For studies that reported results adjusted for clustering (ie, by hospital), we back-calculated the unadjusted results by multiplying the standard error by the square of the design factor coefficient. 28, 29 We calculated the I 2 statistic to assess heterogeneity. 30 All analyses were performed using Stata version 8.2 (Stata Corporation, College Station, TX).
RESULTS
The database searches identified 861 citations, and 1 additional prepublication study was supplied by the study's first author 31 ; 89 articles underwent fulltext review ( Fig. 1 ). Most studies excluded during the full-text review did not meet our criteria for a study of an RRS or were observational studies or review articles. For instance, Sebat et al. 32 published a study of a "shock team" at a community hospital that intervened when any patient suffered nontraumatic shock; the study did not meet our inclusion criteria as all patients were admitted to the ICU, most directly from the emergency department. Another frequently cited study, by Bristow et al., 16 was excluded as it was a case-control study. Thirteen studies, 3,22-24,31,33-40 -11 full-length studies and 2 abstracts-met all criteria for inclusion.
Characteristics of Included Trials
The characteristics of included studies are outlined in Table 2 . Five studies were performed in Australia, 4 in the United States, and 4 in the United Kingdom. All were conducted in academic teaching hospitals. Two studies 37,38 focused on pediatric inpatients, and the remainder involved hospitalized adults. The RRS intervened for all hospitalized patients in all but 2 studies (1 of which focused on surgical inpatients 33 and the other in which the RRS Did the study report the availability of intensivists before and after the intervention?
Elements affecting study internal validity and translatability. These elements were chosen based on the methods of the Cochrane collaboration. 25 These criteria were not used to determine article inclusion or exclusion. evaluated only patients discharged from the ICU 3 ). In 2 studies, 31, 39 the RRS was available to evaluate outpatients, such as hospital visitors, in addition to inpatients.
RRS Structure, Calling Criteria, and Responsibilities
Seven studies 22, 23, 31, 33, 34, 36, 37 that described the team composition used variants of the medical emergency team model, a physician-led team ( Table 2 ). In 6 of these 7 studies, the team included a critical care physician (attending or fellow) and an ICU nurse; in the sole RCT (the MERIT study 36 ), the team structure varied between hospitals, consisting of a nurse and physician from either the emergency department or ICU. Hospitalists, who are involved in RRS responses at many U.S. hospitals, were primary team leaders of the RRS in only 1 study. 31 In 2 studies 34, 37 the RRS also responded to code blue calls, and in 4 studies 23, 31, 33, 39 the RRS and the code blue team had separate personnel; the remaining studies did not define the distinction between RRS and code blue team. In 4 studies the RRSs were led by nurses. One study published in abstract form 39 used the rapid response team model, consisting of a critical care nurse and a respiratory therapist, with assistance as needed from the primary medical staff and a critical care physician. Three studies 3, 24, 35 from UK hospitals used the critical care outreach (CCO) model, in which ICU-trained nurses respond initially with assistance from intensivists. The CCO model also involves follow-up on patients discharged from the ICU and proactive rounding on unstable ward patients.
The hospitals used broadly similar approaches to determining when to summon the RRS , relying on combinations of objective clinical criteria (eg, vital sign abnormalities) and subjective criteria (eg, acute mental status change, staff member concerned about patient's condition). Three studies 3,24,35 used a formal clinical score (the Patient-At-Risk score or the Modified Early Warning score) to trigger calls to the RRS. Three studies, 2 of them from the same institution, 23, 33 reported the frequency of specific triggers for RRS activation. Concern by bedside staff and respiratory distress were the most frequent activators of the RRS.
Study Internal Validity and Generalizability
One study, 36 the MERIT trial, conducted in Australia, was a cluster-randomized RCT (randomized by hospital) that adhered to recommended elements of design and reporting for studies of this type. 41 In this study, hospitals in the control group received an educational intervention on caring for deteriorating patients only; hospitals in the intervention group received the educational module and started an RRS. An additional study 35 identified itself as a randomized trial, but randomization occurred at the hospital ward level, with introduction of the intervention (critical care outreach) staggered so that at different points an individual ward could have been in either the control or intervention group; therefore, 1 . Article identification and triage trial flow diagram, as recommended by the QUOROM statement for improving the methodological quality of systematic reviews and meta-analyses. 54 Reasons for exclusion were: R1, not a study of a rapid response system; R2, ineligible study design (not simple before-after study, controlled before-after study, interrupted time series, or randomized, controlled trial); R3, no eligible outcomes (did not report effect of RRS on in-hospital cardiac arrest, unscheduled ICU admission, or inpatient mortality); R4, overlapping publication. Data from 1 article 55 were pooled with an included article, 34 this study was considered an interrupted time series. All other trials included were before-after studies with no contemporaneous control group Most studies did not meet criteria for internal validity or generalizability ( Table 2) . Two studies 3, 35 did not report the number of RRS calls during the study period. One study 22 omitted patients whose resuscitation status was changed after RRS evaluation from the calculation of inpatient mortality; thus, the patients who had been made "do not resuscitate" by the RRS did not contribute to the calculated mortality rate. The disposition of these patients was unclear in another study. 36 All studies measured clinical outcomes retrospectively, and no studies reported blinding of outcomes assessors for nonobjective outcomes (eg, unplanned ICU admission). Studies generally did not report on the availability of intensivists or if other quality improvement interventions targeting critically ill patients were implemented along with the RRS.
RRS Usage and Effects on Patient Outcomes
Seven studies [22] [23] [24] 34, [36] [37] [38] reported enough information to calculate the RRS calling rate (4 studies 24, 31, 39, 40 reported the total number of calls but not the number of admissions, and 2 studies 3,35 did not report either). In these 7 studies, the calling rate varied from 4.5 to 25.8 calls per 1000 admissions. Three studies documented the calling rate before and after the intervention: a study at a hospital with a preexisting RRS 34 reported that the calling rate increased from 13.7 to 25.8 calls per 1000 admissions after an intensive education and publicity program; in a pediatric trial, 38 the overall emergency calling rate (for cardiac arrests and medical emergencies) was reported to increase from 6.6 to 10.4 per 1000 admissions; and in the MERIT trial, 36 calls increased from 3.1 to 8.7 per 1000 admissions.
Effects of RRS on Clinical Outcomes
Nine studies 3, 22, 23, 33, [35] [36] [37] 39, 40 reported the effect of an RRS on inpatient mortality, 9 studies 22, 23, 31, 33, 34, [36] [37] [38] 40 reported its effect on cardiopulmonary arrests, and 6 studies 3, 22, 24, 33, 36, 37 reported its effect on unscheduled ICU admissions. Of these, 7 trials that reported mortality and cardiopulmonary arrests and 6 studies that reported unscheduled ICU admissions supplied sufficient data for meta-analysis.
Observational studies demonstrated improvement in inpatient mortality, with a summary risk ratio of 0.82 (95% CI: 0.74-0.91, heterogeneity I 2
TABLE 3 Factors Affecting Internal Validity and Generalizability of Studies Included in Meta-analysis Study
Contemporaneous control group
Data reported at more than 1 time before/ after intervention
RRS calling rate reported
Outcomes analysis included patients made DNR by team
Blind measurement of nonobjective outcomes
Intensivist always available
Other QI efforts during study Buist et al., 2002 20 No Fig. 2 ). However, the magnitude of these improvements was very similar to that seen in the control group of the MERIT trial (RR 0.73, 95% CI: 0.53-1.02). The intervention group of the MERIT trial also demonstrated a reduction in mortality that was not significantly different from that of the control group (RR 0.65, 95% CI: 0.48-0.87). We found a similar pattern in studies reporting RRS effects on cardiopulmonary arrests (Fig. 3) . The observational studies did not show any effect on the risk of unscheduled ICU admissions (summary RR 1.08, 95% CI: 0.96-1.22, heterogeneity I 2 79.1%) nor did the MERIT trial ( Fig. 4) .
DISCUSSION
Despite the strong face validity of the RRS concept, the current literature on medical emergency teams, rapid response teams, and critical care outreach suffers from substantial flaws that make it difficult to determine the effect of an RRS on patient outcomes. These flaws include the use of suboptimal study designs, failure to report important cointerventions, the methods in which outcomes were defined, and lack of verification of the validity of the outcomes measured. As a result, very little empiric data are available to define the effectiveness of RRSs or to provide guidance for hospitals planning to implement an RRS. Though early studies reported that RRSs appeared to reduce mortality and cardiac arrest rates, the sole randomized trial of an RRS (the MERIT trial 36 ) showed no differences between intervention and control hospitals for any clinical outcome. Both inpatient mortality and cardiac arrest rates declined in the intervention and control groups of the MERIT trial, and the reductions in these outcomes in observational trials were similar to those seen in the MERIT control group. This strongly implies that other factors besides the RRS were responsible for the results of previous before-after studies. These studies, which have been widely cited by proponents of the RRS, suffer from methodological limitations intrinsic to the study design and issues with outcome measurement that may have introduced systematic bias; these factors likely explain the contrast between the generally positive results of the before-after studies and the negative results of the MERIT trial.
Most early RRS trials used an uncontrolled before-after study design, as is common in quality improvement studies. 42 This study design cannot account for secular trends or other factors, includ- The other study performed at the same institution and published in 2003 23 reported outcomes of all inpatients. Therefore, we subtracted the results of the 2004 study from those reported in the 2003 study to avoid counting the same outcomes twice (RR, relative risk; NR, not reported; NA, not applicable).
ing other QI interventions, that could influence the effect of an intervention. 26 The statistically significant reduction in impatient mortality in the control arm of the MERIT trial is an instructive example; this decline could have been a result of the educational intervention on caring for deteriorating patients, other ongoing QI projects at the individual hospitals, or simply random variation during the relatively short (6-month) follow-up period. Such factors could also entirely account for the impressive results seen in the initial uncontrolled RRS studies. Nearly all the studies we reviewed also did not discuss any aspects of the hospital context that could influence outcomes for critically ill patients, such as the nurse-staffing ratio, 43 ICU bed availability, 44 -46 overall hospital census, 47 Figure   1 , the MERIT trial intervention and control groups were treated as separate before-after trials.
Relative Risk Reduced Increased . As shown in Figures 1 and 2 , the MERIT trial intervention and control groups were treated as separate before-after trials. The study by Garcea et al. 3 evaluated the effect of RRS on readmissions to ICU. The supplied outcomes are for unscheduled readmissions to ICU; thus, the baseline unscheduled ICU admission rate is not reported.
intensivists 48 or hospitalists. 49 Failure to control for-or at least report important aspects of-the environment in which the intervention was performed is akin to failing to report baseline patient comorbidities or concurrent therapies in a study of a drug's effectiveness. Our review also suggests how bias in the measurement of clinical outcomes may have contributed to the apparent effect of RRSs. In 1 beforeafter study, patients for whom RRS activation resulted in a change code status to do not resuscitate (DNR) were excluded from calculations of mortality, 22, 50 resulting in underreporting of mortality after RRS implementation. Disposition of such patients was unclear in 3 other studies. 3, 36, 40 Some studies 22, 34 defined cardiopulmonary arrest as any activation of the code blue team, regardless of whether the patient was actually in cardiac arrest. This almost inevitably would result in fewer arrests after implementation of the RRS, as the indications for calling the code blue team would be narrower. Finally, nearly all studies used trends in nonobjective primary outcomes (eg, unplanned ICU transfer) to support RRS effects but did not validate any of these outcomes (eg, how often did reviewers agree an ICU transfer was "preventable"), and none of the assessors of these outcomes were blinded.
Some have attributed the MERIT trial not finding the RRS beneficial to inadequate implementation, as the RRS calling rate of 8.7 calls per 1000 admissions was less than the 15 calls per 1000 admissions cited as optimal in a "mature" RRS. 51 However, published studies generally reported a calling rate of 4-5 calls per 1000 admissions, 22, 23, 37 with only 1 trial reporting a higher calling rate. 34 A recent commentary 20 and a systematic review of critical care outreach teams 21 both addressed the effectiveness of RRSs. We sought to examine the effects of all RRS subtypes and using quantitative analysis and analysis of methodological quality, to determine the overall effect of RRSs. The results of our analysis (which included data from several newer studies 31, 38, 39 ) support and extend the conclusion of prior reviews that RRSs, although a potentially promising intervention, do not unequivocally benefit patients and are not worthy of more widespread use until more evidence becomes available. Our analysis also demonstrates that many studies widely cited as supporting wide implementation of RRSs are flawed and probably not generalizable.
Despite these caveats, RRSs remain an intuitively attractive concept and may be of benefit at some hospitals. Further studies in this area should focus on identifying which patient populations are at high risk for clinical decompensation, identifying the role of clinical structures of care (eg, nursestaffing ratio, presence of hospitalists) in preventing adverse outcomes and determining which specific RRS model is most effective. As well, more information is needed about educating bedside staff and RRS team members, as this is likely critical to success of the team. Unfortunately, only the article by King et al. 31 provided sufficient detail about the implementation process to assist hospitals in planning an RRS. The remaining articles had only scant details about the intervention and its implementation, a common problem noted in the quality improvement literature. 42, 52, 53 Our analysis had several limitations. We attempted to identify as many RRS trials as possible by searching multiple databases and reviewing abstract proceedings, but as the RRS literature is in its infancy, we may not have located other unpublished studies or "gray literature." There is no validated system for evaluating the methodological strength of nonrandomized studies; therefore, we assessed study quality on the basis of prespecified criteria for internal and external validity. Finally, we found significant statistical heterogeneity in our quantitative analyses, indicating that the variability between individual studies in treatment effects was greater than that expected by chance. As the primary reasons we conducted a meta-analysis was to compare the results of before-after trials with those of the randomized MERIT trial, we did not further explore the reasons for this heterogeneity, although variation in patient populations and RRS structure likely accounts for a significant proportion of the heterogeneity.
Although there is a theoretical basis for implementing a rapid response system, the published literature shows inconsistent benefits to patients and suffers from serious methodological flaws. Future studies of RRSs should attempt to define which patient populations are at risk, the essential characteristics of RRSs, effective implementation strategies, and-most important-whether any RRS improves clinical outcomes. Until such evidence is available, hospitals should not be mandated to establish an RRS and should consider prioritizing quality improvement resources for interventions with a stronger evidence base.
